This paper presents a method of detecting overlapping mango fruits from the complex background image. This research uses image that is obtained from a digital camera. This method is based on pre-processing the input image using the texture analysis to determine the boundary of each overlapping fruits. The image is processed to determine the actual boundary, converted to binary images, and utilise dilation and erosion to determine the object. We use ellipse fitting by applying Randomized Hough Transform to search the potential area of the mango fruit. Ellipse fitting are chosen because the shape of the mango fruit is similar to ellipse shape. Using these techniques, the fruit is successfully detected including the fruits that are overlapping with each other.
Introduction
Nowadays, image processing is the technology that is growing rapidly and it is used in various fields. In agriculture field, image-processing technology is used in fruit and weed detection, as well as in food and fruit grading. This paper focuses in detecting on-tree mango fruit. Texture analysis method and colour data is applied to detect on-tree red and green apples. This method is done onto stereo images obtained from a stereo camera. This research combines the texture analysis techniques to detect the edge, and the redness measurement to detect the area of the apple. These two methods are applicable to the both red and green apple. Each of the area is then determined by using circle-fitting techniques. This research also covers the technique used to determine the grasping point for each of the fruit for picking purpose. Hiroshi Okamoto reported a research that used to detect green citrus fruit using hyperspectral imaging [2] . The image is not from digital camera but obtained from a hyperspectral camera. The camera not only takes pictures, but also gives details information about the value of the waveband of each of the pixel. Then, the fruits are isolated from its background (bright and dark background) based on the threshold value. This study focuses on three different varieties of the green citrus fruit, which are Tangelo, Valencia and Hamlin. This research is applied at the earlier stage before harvest time to determine the production of the citrus. A research on detection of 'Harum-Manis' mango fruit from a complex background is made by Kutiba Nanaa et.al [3] . This research combines the Randomized Hough Transform (RHT) techniques and Backpropagation Neural Network to detect the fruit. These two techniques are used after a simple image pre-processing. This pre-processing involves an edge detection method which to determine the boundary of each of the fruit. There is also a survey that was made by the researchers about the application of image processing technology in agricultural field [4] . It shows that image processing technology can be used widely in this field. The example of application of image processing technology are weed detection and food / fruit grading which involves wheat and tomatoes.
In this research, there are few challenges that prevent the successfulness of detecting the mango fruits. Firstly, the colour of 'Harum Manis' mango fruits is similar to the leaves. The fruits that are occluded by the leaves are difficult to be detected, because the area of the fruit is smaller than the threshold area. In addition, the overlapping image of the mango also may prevent system from detecting the mango fruit, as the area of the combined mango is larger than the threshold area. The focus of this research is that, from the input image (on-tree mango fruit), the system should detect at least 85% of the fruit from the image. From the image, this system will detect the number of object and the centre of each object. This coordinate of each object will be considered as the most suitable grasping point of mango for picking purpose. One of the main objectives of this research is that, successfully isolate two or more overlapping object as well as the fruit that is partially covered by the leaves.
The remainder of this paper is organized as follows: Section 3 will represent the proposed methods while Section 4 is about the result that is obtained from the experiment. Then in Section 5, discussed on how the result is obtained.
Proposed Method
The proposed method is based on the following steps: These steps mentioned above will be done in recognition of mango fruit.
i. Applying Texture Analysis. The image that is obtained from the digital camera will be analysed using texture analysis, in this case, the mango fruit image ( Figure 2 ). This method is chosen to define the edge of each of the mango fruit in the image. Texture analysis attempts to quantify intuitive qualities described by terms such as rough, smooth, silky, or bumpy as a function of spatial variation in pixel intensities [5] .
The texture analysis is applied by identifying the range value (Maximum ValueMinimum Value) between the 3 x 3 neighbourhood pixels. This simple operation is represented in the formula as follows:
where:
The output from this process is the value of the pixels of interest.
ii. Pre-processing of the image To sharpen the image, first the image will undergo Gaussian Blurring Filter. The formula for Gaussian Blurring Filter is as follows:
where:  = Distance from the origin in the horizontal axis  = Distance from the origin in the vertical axis  = Standard deviation of the Gaussian distribution
We are using the default value for the threshold. It is defined as the minimum contrast required for a pixel to be considered an edge pixel. We are also using the default value for the strength of the sharpening effect of 0.8.
To remove the small patches of unwanted pixel area, the picture need to be in binary image form which is in 2-dimensional (2D) form. The 3D image is then converted to 2D image ( Figure 4 ). After that, the erosion is applied to the image to remove the noise resulting a more defined shape of the mango fruit.
The image is once again undergoing dilation and erosion process. The equation for the binary dilation is as follows:
In this process, we are using the strel dilation (strel(nhood, height)). The value for the nhood is 20 while the value for the height is 900.
iii. Detection of Binary Region. After done with the pre-processing, the image will show the potential area of the mango fruits. After that, the image is scanned to detect the small patches that have area of less than 90 pixels. The small area is then removed from the image, resulting a clearer image of the mango. Figure 6 shows the clear image of mango without the noise. Now, the image shows the region of the potential area of the mango fruit. The area of each of the region is than scanned. The region that might represent the mango fruit is detected and cropped to individual object (one image, one region). This process will make it easier for the next step, which is the ellipse detection.
iv. Detection of Ellipse using Randomized Hough Transform Since the shape of the mango fruit is nearly same as the ellipse shape, we take this criteria as the advantage to validate the detected region whether the region represent mango fruit or not.
The basic Hough transform can be used to detect curve in image. It also can be used for circle detection. However, the Hough transform method takes more time to complete the operation and require a large accumulator. According to [6] , "the basic Hough transform suffers from many difficulties stemming from binning the curves". Failure to detect specific curves and low accuracy is the problem that may occur if the accumulator is not properly defined. Therefore, the Randomized Hough Transform (RHT) is chosen to detect the ellipse. This method will randomly select the pixel of the binary region. The image of the detected binary region is cropped according to the region. The binary region is processed once again to detect the boundary of the region. From the boundary, three 1-value of the pixel is selected to determine the four parameters based on the ellipse equation below.
Ellipse equation:
The variable will be defined from the three 1-value pixel are as follows:  = x coordinate of ellipse centre  = y coordinate of ellipse centre  = Semi-major axis length  = Semi-minor axis length
From the four parameters obtained, best-fit ellipse is drawn on the binary region (Figure 8 ). During the best-fit ellipse process, there are some additional information needed. The information that is needed is the sub axis (radius) of the X axis of the non-tilt ellipse, sub axis (radius) of the Y axis of the non-tilt ellipse, orientation in radians of the ellipse (tilt), centre at the X axis of the tilted ellipse and centre at the Y axis of the tilted ellipse.
Then, the area of the ellipse is compared to the area of the binary region that occupied in the ellipse shape. If the area compared is greater than 0.85 [3] , the image represent mango fruit. 
Results
Generally, the mango fruits have smooth texture on the surface and have irregular shape. The texture of the tree stem and bark are rougher compared to the texture of the fruit. In addition, texture analysis method also will help in detecting the overlapping fruit at early stage. This can give the advantage to detect the boundary between the overlapped fruit regardless the amount of light that is exposed to the mango fruit. The digital image of mango fruit when undergo texture analysis is shown in Figure 3 .
The output of this image shows that the boundary of the fruit is quite subtle. There is no one fine edge that shows the exact boundary of the fruit. The image is then undergoing the pre-processing. The image that has undergone texture analysis gives the subtle draw of the objects' boundary. However, the edge is not defined in a solid line and a bit blurry. The edge need to be solid to make the process of separation of the overlapping mangoes in the later stage becomes easier. Then, the sharpening process is applied to the image. The image will become clearer ( Figure  4 ).
However, as the lines become clearer, this process also make the noise in the image becomes more visible. This will interfere the successfulness of detecting mango fruit. During the process of sharpening the image, there is also some of the edge that dissolve and resulting in discontinuous line at the edges. Therefore, the sharpened line is then thickened to give more definition to the edges. During the thickening process, the noise becomes larger and clearer. The noisy image will undergo the process of removing the small patches using morphological operation. Then, the image undergoes complementation process. The previous region of the potential mango fruit is black in colour that is represented 0 of pixel value in binary image. As the result, the boundary of the fruit is marked with 0 and the potential area is marked with 1.
From the original input image, the total of mango that can be seen clearly by human eye is 7. After use the process that is mentioned, there are 10 images that detected as the mango fruit. The reason behind this is that some of the leaves still
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6433 remain in the image after undergoing morphological operation and leads to misdetection of leaves as the mango fruit. The images below shows the best ellipse fitting for each of the mango fruit that is detected in the image. From ellipse drawn is the best ellipse fitting based on the images. The ellipse line that is successfully drawn. The '+' sign is the point where is the center of the ellipse located. The information about the center of the ellipse can be used as the gripping point for picking purpose. 
Discussions
When this method is applied, we can see in the earlier stage, the boundaries of the fruits are drawn based on the texture properties. This is because, the surface of the mango is smoother compared to the background. The lines that are drawn act as the guidelines in order to generate the solid line of the boundary. In addition, this boundary also separates the overlapped mango fruit.
Based on the previous study, the method that is chosen in this study tackles the problem that has not been tackled in the study made by Kutiba Nanaa et.al [3] . In the study, it only focuses the detection of the mango itself but did not consider the situation where the mango exist in a bunch and overlap each other.
Edge detection is impractical in the situation where there is an overlapping mango fruits in the image. This is because, when we applied the edge detection method, this method cannot detect the edge at the area where the fruit is overlap. This method of edge detection cannot generate the solid boundary that can separate the two overlapped fruit. This situation leads to detection of the overlapping mango as single mango fruit. The fruit is mistakenly detected as a one large-sized mango fruit instead of detecting as two normal-sized mango fruit, for example.
Therefore, we need a method that can separate this two overlapping object, and in this case is by using texture analysis. When we apply texture analysis, the image processed will show the boundary of each of the mango individually in a soft drawn line. This output image shows that, even the image exists in a bunch and overlap with each other, the texture analysis still can separate the image of the fruits clearly. Next, we only need some process to generate the solid line as the edge, and then, defining the object individually.
When the ellipse fitting is applied to the process image, the ellipse shape can only be drawn on the image that is nearly ellipse. This can be seen on the potential area of the fruit. On the other hand, the image of the leaves, at the top edge of the image, is fitted as hyperbola. This is shown in the figure below.
Figure 9
The image above shows the hyperbolic drawing on the potential region of the mango fruit. Therefore, this image is rejected from the potential mango fruit.
However, this method still cannot detect the mango fruit that is located at the back of other fruit which only shown a small portion of surface in between the fruits.
Conclusion
As the conclusion, the texture analysis can be used to define the edge of the mango fruit. The texture analysis can differentiate the surface of the mango with the complex background. This method can separate the overlapping fruit. The Randomized Transform is used to detect the ellipse shape from the binary region of the mango fruit candidate. There is also some leaves that are detected as mango fruit because of the shape of the leaves itself. Finally, the mango fruit that is located at the back of the fruit in the front failed to detect even at the early stage. This is because, the area shown is very small and barely seen from human eyes.
